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This thesis develops a new structural-break model called Beta aggregated structural-break 
model. The model is constructed by summing up individual abrupt-break models, with 
the break date for each individual drawn from a Beta distribution with two unknown 
parameters. It provides a behavior interpretation and reflects additional information about 
individual structural break. One of the main assumptions of this model is that not all 
individuals in the economy are subject to an abrupt break at the same time, that is, we 
assume different people respond differently towards the same event. Our objective is to 
estimate the pre- and post- shift parameters, as well as the two parameters of the Beta 
distribution based on the observed aggregated data. By a GAUSS simulation, we can 
prove the estimators for all parameters are consistent. Thus we can prove that it is true to 
propose the break date for each individual follows a Beta distribution. The model will be 
applied to estimate the change in consumption behavior of the G7 industrial countries in 
the worldwide Oil Crisis in 1973，1981 and 1991. It is found that none of these three Oil 
Crisis has an immediate effect on the consumption behavior of the G7 industrial 
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1 Introduction 
Most of the studies on the structural-break models assume that all the indi-
viduals are subject to an abrupt break at the same time (Christiano, 1992; 
Zivot and Andrews, 1992). This assumption, however, is a little bit far from 
\ 
reality, since the responses to any events that affect individual's economic 
behavior might be different. For instance, a stock market crash is likely to 
affect individual's consumption behavior. However, not everyone is affected 
directly. Those who hold securities would be affected immediately, but the 
crash will not have a direct impact on those who do not hold securities. The 
indirect effect to all individuals in the economy will appear later via a re-
duction of consumption of those who own securities. In this case, different 
people respond differently towards the same event. 
In light of this, Chong (2001b) develops a Poisson structural-break model 
to capture the heterogeneity of individual responses to a shock. His model 
allows different individuals to have different economic behavior for the same 
event. By summing up individual abrupt-break models, he gets the aggregate 
model. He assumes that the break date for each individual is drawn from a 
Poisson distribution with an unknown mean. It proves that his method is 
creative and valuable. However, as the sample size gets larger and larger, 
we have to deal with the asymptotic properties of the Poisson distribution, 
which is a very complicated issue. A solution to this problem is to replace a 
discrete Poisson distribution by a continuous distribution of values between 
zero and one. In light of this, we modify Chong's model by replacing the 
Poisson distribution with a Beta distribution. 
The remaining of this thesis is organized as follows: In Section 2, the 
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aggregated structural-break model is formulated. Section 3 shows the deriva-
tion of the estimation of the parameters of interest. The parameters of pri-
mary interest are the pre- and post-shift structural parameters, as well as the 
two parameters of the Beta distribution. In Section 4, we extend the sim-
ple structural-break model to a model with a covariate. Section 5 presents 
\ 
the simulation results which support our theory. In Section 6, the model is 
applied to consumption functions of the G7 industrial countries in the 1973, 
1981 and 1991 Oil Crisis. Section 7 is the conclusion. 
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2 The Model 
Suppose at time 亡=0, a new event that beyond people's expectation hap-
pens, such as the Great Crash of 1929, the Oil Price Shock of 1973 (Perron, 
1989), a new monetary policy implemented by the central bank or a stock 
\ 
market crash, which causes a dramatic change of individual's economic be-
havior. Suppose the timing of each individual being affected is different. To 
capture the myriad of individual differences, we consider the following simple 
individual structural-break model for each individual i at time t: 
t 
Vit = Mil {t < rrii} + iJL^l {t > rrii} + £t + Vit � (1) 
(i = l ,2, . . . ,n;t = 0,l，2,...,T.) 
where 
rrii G {0,1,2.. . ,T} is the time needed for individual i to be affected by a 
government policy or a crisis. 
!{•} is an indicator function whose value equals one if the statement inside 
the bracket is true, and equals zero otherwise. 
The error components £t and rj-^ ^^ ij^ t, •••^ 'n^ t are independent pair-wise, 
with zero means and with variance var{£t) = crl and var(j]计、=a^ for all i. 
It is also assumed that St are serially independent. 
To avoid divergence, we will study the per capita series which has the 
same time series properties as the aggregated series. Now the mean of the 
first n aggregated series is 
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I ^ in ^ n 1" 
Vt = = < — + {t > m,} + Et + . (2) 
/t • 1 IL . fl Tl 
t=l 1=1 2 = 1 z = l 
When the number of individuals tends to infinity, i.e., as n — oo，we get 
Vt = Ml P r ( 爪 i � + "2 Pr(mi <t) + et. (3) 
To allow for asymptotics, we convert the time scale from {0,1,2，3...,T} 
to the [0,1] interval. Hence, model (3) can be rewritten as 
Vt = "1 � + IMZ, <h)-h£u (4) 
where 
h = j； e [0,1]; 
“ = 宁 e [0,1] is the time needed for individual i to be affected by a 
government policy or a crisis. 
All other variables have the same definitions as in model (1). 
We assume that the timing for an individual to be affected follows a Beta 
distribution with parameters a and i.e., 




f r ( a + 用 广 1 if 0 < T < 1 
f { r ; a , P ) = \ (6) 
0 otherwise. v 
\ 
When /i = 0, we have Pi{li < 0) = 0; when /i = 1, we have Pi{li < 1) = 1. 
Thus, we mainly focus on the case where h G (0,1). 
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3 Estimation of /i!’ /x�,a nd (3 
For any given positive o; and the residual sum of squares is equal to 
T 
\ = [y, — r Fi{k〉"）一 "2 P八k < h)f , (7) 
t=o 
where 
聊 ) = / 、 ( 一 = / 、 + 二 , 、 . ⑶ 
Thus, the estimators for ^i^^fi .^a and (5 are defined to be 
T 
= argmin > [y^ - fi^ Fi{k > h) - fi^ ^^{k < h)f . (9) 
/ii’"2e^; a’/3G丑+ 亡=0 
They should satisfy the first order conditions, i.e., 
Q T 
-^Y.[歹力 一 PrGz�") — < h)f 
Pi t=o 
T 




-^Yl [瓦 - " 1 P八h > ") — "2 Pr(/, < h)f 
t=0 
T 
= — [ V t - fh Pr(/i�/i) - Pr(/z < h)] Fi{k < h) = 0 . ( 11) 
\ t=o 
Q T 
^ Y . ^yt - "1 � — "2 Pr(/, < h)f = 0 . (12) 
t=o 
Q T 
[Ft — "1 P r ( / i � " ) — "2 Pr(Z, < h)f = 0 . (13) 
P t=o 
Since the four equations in the first order conditions are nonlinear in 
parameters, there is no closed form solution for the four estimators 
and (3 in equation (9). Therefore, we will estimate the four parameters by 
the grid-search method. 
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4 Extension 
The simple model provided in Section 2 is for ease of illustration. In reality, 
a model with regressors that affect the dependent variable is more common. 
Consider the following individual model with a single regressor Xu which is 
independent of rrii : 
Vit = ( � 1 + Ml工it) 1 {t < ruij + (As + � t ) l {t > rrii} + + r]社.(14) 
(i = l，2r..，n;t = 0，l,2，...，T;mi = 0， l ,2 . . . ,T. ) 
Thus, when n is large, we have 
1 
Vt = = (Ai + > h ) + (As + Pi{k St. (15) 
� = 1 
Again, we get 
T 
RSS{v) = Y,[yt- + Mi^ O >h)- (As + < h)f , (16) 






響 ) = / 、 邊 = 广 ？ 口 ( 1 8 ) 
Define 
\ 
^ = . (19) 
The vector for the estimators of v is defined to be 
节 = ( 2 0 ) 
where 
T 
？ = argmin ^ [y^ - (Ai + fi{xt) Fiik > h) - (As + "2无t) < . 
veR^xRl t=o 
(21) 
For the multivariate extension of this model, the procedures for deriving 
the estimator are similar. The estimator v should satisfy the first order 
conditions of the minimization of (16). Since the first order conditions are 
nonlinear, there is no closed form expression of the estimator v. 
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5 Monte Carlo Simulation 
In this section, it will be shown that the estimation method applied in previ-
ous sections is able to identify all the parameters. The simple model of equa-
tion (1) presented in Section 2 is used. The sample sizes of the simulations 
are T = 50,100 and 150. The number of individuals is set to n = 150,300 and 
1000. The number of replications is set to R = 500. The pre- and post-shift 
parameters axe /i^  = = —1, and the parameters of Beta distribution axe 
a and 0. There are four cases of interest, namely, a < 1 and < 1, a > 1 
and P < I, a < 1 and (5 > 1, a > 1 and > 1. We exclude the cases where 
a and/or 0 equal 1). 
The error terms are drawn independently from a standard normal distri-
bution. All the simulations are done by a GAUSS program. 
To generate a Beta random variable in GAUSS, we apply the rndnh command 
in the windows version of GAUSS 3.6. 
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5.1 Case 1. a < 1, < 1. 
Table 1: The Mean of the Estimators for R = 500, a = 0.4,0 = 0.7. 
T 50 50 50 100 100 100 150 150 150 \ 
n 150 300 1000 150 300 1000 150 300 1000 
Ml 0.983 0.986 0.990 0.981 0.988 0.982 0.979 0.986 0.988 
M2 -1-007 -1.06 -1.011 -1.017 一 1.011 -1.016 -1.014 -1.012 一 1.012 
S 0.397 0.379 0.394 0.384 0.387 0.386 0.390 0.384 0.392 
3 0.685 0.696 0.679 0.680 0.693 0.689 0.688 0.691 0.683 
5.2 Case 2. a > l , (3<l . 
Table 2: The Mean of the Estimators for R = 500, a = 1.3, 二 0.5 . 
T 50 50 50 100 100 100 150 150 150 
n 150 300 1000 150 300 1000 150 300 1000 
Ml 0.989 0.993 0.991 0.990 0.988 0.992 0.987 0.991 0.997 
？2 一 1.015 —1.011 -1.012 -1.010 -1.014 -1.007 -1.011 -1.012 -1.002 
S 1.297 1.294 1.289 1.293 1.296 1.292 1.288 1.291 1.297 
3 0.495 0.487 0.489 0.494 0.490 0.493 0.498 0.494 0.491 
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5.3 Case 3. a < 1 ， � 1 . 
Table 3: The Mean of the Estimators for R = 500, a = 0 . 5 ， 1 . 6 . 
T 50 50 50 100 100 100 150 150 150 
n 150 300 1000 150 300 1000 150 300 1000 
Ml 0.981 0.984 0.989 0.993 0.984 0.994 0.985 0.987 0.995 
M2 -1-020 -1.017 -1.012 -1.011 -1.015 -1.008 —1.011 -1.019 -1.017 
S 0.487 0.490 0.492 0.484 0.492 0.489 0.488 0.485 0.486 
3 1-587 1.589 1.592 1.584 1.587 1.586 1.595 1.592 1.597 
5.4 Case 4. a > 1, /? > 1. 
Table 4: The Mean of the Estimators for R = 500, a == 1.2, = 2 . 
T 50 50 50 100 100 100 150 150 150 
n 150 300 1000 150 300 1000 150 300 1000 
Ml 0.989 0.986 0.987 0.983 0.995 0.982 0.987 0.994 0.992 
% -1-017 -1.015 -1.013 -1.003 -1.011 -1.012 -1.012 -1.012 -1.010 
S 1.189 1.192 1.190 1.192 1.194 1.192 1.189 1.190 1.189 
P 1-989 1.991 1.996 1.982 1.985 1.987 1.982 1.990 1.992 
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From the above tables, we can see that the pre- and post-shift estimators 
and the estimators for ol and /?are obviously converging to their true values. 
Note also that we do not need a very large number of individuals for the 
estimators to be close to the true parameters. For T = 50, 100 and 150, 
the performance of the estimators for n = 150 is just as good as those for 
n = 300 and 1000. Similarly, for n = 150, 300 and 1000, the performance 
of the estimators for T = 50 is just as good as those for T = 100 and 150. 
Therefore, for an empirical sample with moderate size, we can still get an 
accurate result. 
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6 Empirical Application 
6.1 Model Construction 
In this section we will apply the model to study how the 1973, 1981 and 
1991 Oil Crisis affect individual consumption over time in the G7 industrial 
countries. When the price of oil increases, those people who consume oil reg-
ularly, for example, car owners, will suffer first. Their consumption functions 
are more likely to change earlier than those who do not own a car. The effect 
of a reduction in consumption will later be transmitted to other people in 
the economy. 
We model this phenomenon by considering the consumption function of 
each individual which is subject to a break caused by the Oil Crisis. 
Cit = (ai + hYit)l{t < ki} + (a2 + h2Yit)l{t > h } + ^^  + ry… (22) 
where Cu is the nominal consumption of individual i at time t, Y^ is the 
nominal income of individual i at time t. £t and r]让 are i.i.d. error terms. 
In this consumption function, ai and a: represent the pre- and post-
shift autonomous spending respectively, while 6i and 62 represent the pre-
and post-shift marginal propensity to consume. 
6.2 Estimation Results 
The Beta aggregated structural-break model is tailored for this application. 
The data sets that we used are the quarterly nominal aggregate consumption 
15 
and nominal aggregate GDP at local currency of the G7 countries extracted 
from the DataStream International. 
6.2.1 1973 Oil Crisis 
For 1973 Oil Crisis, the Oil Crisis happened in the third quarter, so we set the 
time zero to be 1973Q3. The estimation results are shown in the table below 
with the data from 1973Q3 to 1980Q4. The unit applied to the aggregate 
consumptions expenditure in Canada, France, Germany, United Kingdom 
and United States is billion in local currency. For that of Italy and Japan, 
the unit is trillion. 
Table 5: Estimation Results of Consumption Functions 
Countries a p ai a2 hi 62 
Canada 1.25 1.80 28.5 29.5 0.35 0.49 
France 0.30 0.40 34.8 66.6 0.45 0.51 
Germany 1.05 0.80 74.7 194.6 0.21 0.07 
Italy 2.15 0.75 113 366.1 0.35 0.19 
Japan 1.95 0.78 2135 5735 0.53 0.12 
United Kingdom 2.26 1.05 46.5 19.5 0.24 0.79 
United States 2.20 1.20 1820 3050 0.55 0.25 
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From the above table, we see that after the 1973 Oil Crisis, only people in 
United Kingdom reduce their autonomous spending, while people in all other 
six countries increase their autonomous spending. People in Canada, France 
and United Kingdom increase their marginal propensity to consume, while 
people in the other four countries reduce it. Moreover, people in Canada 
and France increase both of the autonomous spending and the marginal 
propensity to consume. For Germany, Italy, Japan, United Kingdom and 
the United States, the moving directions of autonomous spending and the 
marginal propensity to consume are opposite. This can be explained by the 
fact that, a subsistent level of consumption has to be maintained, so that a 
reduction in marginal propensity to consume has to be compensated by an 
increase in the autonomous spending. 
It is worth noting that Japan and the United States have a drastic change 
in the autonomous spending, and all these seven countries have a drastic 
change in the marginal propensity to consume, especially for Japan, the 
United Kingdom and the United States. 
By using the estimation results of the two parameters of the Beta dis-
tribution, we can determine the time it takes for a typical individual to be 
affected by the Oil Crisis. 
We know that the mean of the Beta distribution is . Thus, the mean 
a + f3 
time it takes for a typical individual to be affected by the Oil Crisis is equal 
to the sample size multiplies the mean of the Beta distribution. Given the 
sample size is 30 quarters, the mean breaking time will be equal to ‘ � � 
The results are listed in Table 6: ^ P 
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Table 6: Mean of the Beta distribution and the mean breaking time 
Countries Canada France Germany Italy Japan UK USA 
Mean of the Beta distribution 0.41 0.43 0.57 0.74 0.71 0.68 0.65 
Mean breaking time (quarters) 12.3 12.9 17.1 22.2 21.3 20.4 19.5 
It is obvious that the mean breaking times for Canada and France are 
similar, which are a little more than three years. As for Germany, it is a 
little more than four years. For the United Kingdom and the United States, 
the break happens about five years later. It takes the longest time for the 
people in Italy and Japan to change their consumption patterns, which are 
about five and a half years after the Oil Crisis. From the above table, we 
find the effect of the 1973 Oil Crisis is not immediate. 
6.2.2 1981 Oil Crisis 
For 1981 Oil Crisis, the Oil Crisis happened in the first quarter, so we set 
the time zero equal to 1981Q1. The estimation results are shown in the 
table below with the data from 1981Q1 to 1990Q4. The unit applied to the 
aggregate consumptions expenditure in Canada, France, Germany, United 
Kingdom and United States is billion in local currency. For that of Italy and 
Japan, the unit is trillion. 
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Table 7: Estimation Results of Consumption Functions 
Countries a [3 ai a2 h 62 
\ Canada 1.80 2.20 64.9 50.1 0.13 0.33 
France 1.70 0.30 82.2 892 0.31 0.09 
Germany 0.70 0.80 188 218 0.08 0.18 
Italy 2.10 1.60 375 225 0.10 0.35 
Japan 0.80 1.70 1529 803 0.11 0.35 
United Kingdom 2.20 1.70 18.9 18.2 0.65 0.81 
United States 1.90 1.60 1656 2458 0.54 0.37 
The effects of 1981 Oil Crisis are different according to Table 7. Only peo-
ple in Germany increase both the autonomous spending and the marginal 
propensity to consume. For other six countries, people in Canada, Italy, 
Japan and the United Kingdom reduce the autonomous spending and in-
crease the marginal propensity to consume. The behavior of people in France 
and the United States are opposite to those in Canada, Italy, Japan and the 
United Kingdom. 
The changes in the marginal propensity to consume in these countries are 
not as much as those in the 1973 Oil Crisis. However, for Japan and the 
United States, there are drastic changes in the autonomous spending. 
By the estimation results of the two parameters of the Beta distribution, 
we can determine the time it takes for a typical individual to be affected by 
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the Oil Crisis. The procedures are similar to the 1973 Oil Crisis. 
The estimated means of the Beta distribution and the mean breaking 
time for the G7 countries are listed in Table 8: 
‘ T a b l e 8: Mean of the Beta distribution and the mean breaking time 
Countries Canada France Germany Italy Japan UK USA 
Mean of the Beta distribution 0.45 0.85 0.47 0.57 0.32 0.56 0.54 
Mean breaking time (quarters) 18 34 18.8 22.8 12.8 22.4 21.6 
It takes about three years for people in Japan to change their consumption 
behavior. For people in Canada and Germany, the results are similar, which 
are about four and a half years. The times it takes for people in Italy, 
United Kingdom and the United States to be affected are similar too, which 
are about five and a half years. People in France change their consumption 
patterns around eight years after the Oil Crisis. It is obvious that the effect 
of the Oil Crisis is not immediate to people in the G7 countries. 
6.2.3 1991 Oil Crisis 
For 1991 Oil Crisis, the Oil Crisis happened in the first quarter, so we set 
the time zero equal to 1991Q1. The estimation results are shown in the table 
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below with the data from 1991Q1 to 2001Q1. The units are the same as 
those in the previous two cases. 
Table 9: Estimation Results of Consumption Functions 
\ 
Countries a [3 ai a2 h 62 
Canada 1.10 1.55 87.1 19.3 0.14 0.65 
France 0.65 1.20 376 980 0.35 0.11 
Germany 0.98 0.79 148 490 0.35 0.09 
Italy 1.85 0.90 79.9 261 0.50 0.35 
Japan 0.50 0.80 1805 6520 0.50 0.06 
United Kingdom 1.85 1.25 88.6 98.9 0.11 0.21 
United States 0.50 1.10 3988 2788 0.05 0.37 
From Table 9, we observe that only the people in the United Kingdom 
increase both the autonomous spending and the marginal propensity to con-
sume. People in France, Germany, Italy and Japan increase the autonomous 
spending, and reduce the marginal propensity to consume. People in Canada 
and the United States reduce the autonomous spending but increase the 
marginal propensity to consume. 
The changes of the marginal propensity to consume and the autonomous 
spending are very similar to the case of the 1981 Oil Crisis. 
From the estimation results of the two parameters of the Beta distribu-
tion, we can determine the time it takes for a typical individual to be affected 
by the Oil Crisis. The procedures are similar to the above two cases. The 
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results are listed in Table 10. 
Table 10: Mean of the Beta distribution and the mean breaking time 
\ 
Countries Canada France Germany Italy Japan UK USA 
Mean of the Beta distribution 0.42 0.35 0.55 0.67 0.38 0.6 0.31 
Mean breaking time (quarters) 17.2 14.4 22.6 27.5 15.6 24.6 12.7 
It takes about three years for people in the United States to change their 
consumption behavior. The results for France and Japan are very close, 
which are around three and a half years. For Canada, it takes about four 
and a half years for a typical individual to be affected. For Germany and the 
United Kingdom, the time for an individual to change is five and a half years 
and a little more than six years respectively. It takes the longest time for 
people in Italy to be affected by the Oil Crisis, which is about seven years. 




This paper develops a new kind of structural-break model for a particular 
type of economic behavior. The model unifies the aggregated models and 
structural-break models via the Beta distribution process. It provides a be-
havioral interpretation and reflects additional information about individual 
structural break. It gives valuable insights into the transitional behavior of 
individual's economic reaction to a policy change, a great crash or a great 
leap forward in technology. 
The grid-search method is used for the estimation of the parameters in 
this model. By GAUSS simulations, it is shown that the estimators for 
parameters are consistent. Empirical results demonstrate that the changing 
patterns of consumption behavior of the citizens in the G7 countries after 
the Oil Crisis axe different. The mean breaking times it takes for the G7 
industrial countries to be affected are rather long. Beta distribution is a quite 
symmetric distribution. That may partly explain why our mean breaking 
times are mostly in the domain of 0.3-0.7 of the Beta distribution. 
When the sample size gets larger and larger, it proves that the method of 
applying Beta distribution to a structural-break model is applicable and effi-
cient. The results obtained in the paper are of high complementary reference 
values to the cases with abrupt or smooth structural break. 
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